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Effect of histamine on the growth ofhuman
gastrointestinal tumours: reversal by cimetidine

S A Watson, L J Wilkinson, J F R Robertson, J D Hardcastle

Abstract
The proliferative effects of histamine were
examined on the human gastric tumour cell
lines; MKN45, the gastrin producing subline,
MKN45G, and the colorectal lines; LoVo and
C170. The proliferation of MKN45 as asses-
sed by 75[Se] selenomethionine uptake and cell
counts was increased by histamine concentra-
tions of 10-7 and 10-9M. Histamine concen-
trations between 10-6 and 10-7M maximally
stimulated MKN45G proliferation which
titrated out at lower histamine concentrations.
The accumulation of cyclic adenosine 3',5'
monophosphate (cAMP) in response to
the same histamine concentrations was also
increased in the two gastric cell lines. The
histamine receptor antagonist, cimetidine
(10-5 M) reversed the histamine stimulated
proliferation of both gastric cell lines despite
having no effect on basal growth. The pro-
liferation ofthe colorectal lines was unaffected
by histamine. Histamine given locally at the
subcutaneous implantation site of the tumour
(1 mg/kg/day) increased the growth of
MKN45G xenografts in nude mice. This was
reversed by coadministration of cimetidine
(100 mg/kg/day, given in the drinking water).
Cimetidine also inhibited the basal prolifera-
tion of MKN45 xenografts. Histamine acting
locally may enhance the proliferation of
tumours arising within the stomach. Such
effects may be blocked by administration of
histamine receptor antagonists, such as
cimetidine.
(Gut 1993; 34: 1091-1096)

fits found with older regimens of treatment,
which have been used for patients with gastric
cancer.
One of the mechanisms postulated to play a

part in the anti-tumour effect of cimetidine is
immunomodulation mediated by the inhibition
of suppressor T cell activity,45 an increase in
interleukin 2 production in helper T cells,6 and
an enhancement of natural killer cell activity.79

In this study the role of histamine as a
mitogenic agent for tumours in the gastro-
intestinal tract was investigated to discover if
cimetidine may block such proliferation enhanc-
ing effects.

Methods

CELL LINES
MKN45 is a human gastric adenocarcinoma'°
and MKN45G is a gastrin producing subline of
MKN45. LoVo is a human colon adeno-
carcinoma"2 and C170 a human colorectal
adenocarcinoma cell line derived in the Cancer
Research Campaign Laboratories, Notting-
ham.'3 The two gastric lines were maintained in
Dulbecos modified Eagles medium (Flow
Laboratories, Irvine, Scotland, UK) with 10%
heat inactivated fetal calf serum (Gibco, Paisley,
Scotland, UK). The two colon lines were grown
in RPMI medium (Gibco) with 10% fetal calf
serum. All lines were maintained in a humidified
incubator at 37°C, gassed with 5% C02, and were
refed/harvested twice weekly.
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Gastric cancer is the fourth most common cancer
in the United Kingdom causing about 10000
deaths annually in England and Wales alone.
Major advances in both surgery and anaesthesia
have lowered the death rate from operations,' 2
yet the five year survival remains around 5%
(OPCS Monitor). These dismal survival figures
are due to the fact that most patients in the
United Kingdom present with advanced disease.
Radiotherapy has no proved value in the

treatment of gastric cancer and while there have
been numerous trials of various chemotherapy
regimens, none have proved to be valuable either
as an adjuvant treatment or for advanced disease.
An enhancement in the survival of gastric

cancer patients has been reported by Tonnesen
et al,3 after treatment with the histamine2
receptor antagonist, cimetidine. The median
survival in the cimetidine treated group was

significantly greater then in the placebo group
(450 days compared with 316 days). It is impera-
tive to investigate the mechanism ofaction of this
treatment because of the small therapeutic bene-

EFFECT OF HISTAMINE AND CIMETIDINE ON IN
VITRO CELL GROWTH

Direct cell counts
Cells were plated into 24 well plates (Gibco) at a
concentration of 105 well-', in Biorich serum
free growth medium (Flow Labs). After allowing
for cell adherence, increasing concentrations of
histamine (10-6 to 101o M, Sigma, Dorset, UK)
or cimetidine (10-5 to 10-°0 M) were added to
the wells either alone or in combination giving a
final well volume to 500 l. After three to four
days incubation at 37°C the cells were harvested
with 0 025% trypsin/0-5% EDTA (Sigma) and
viable cells were counted with a haemocytometer
(viability was assessed by trypan blue exclusion).
Three replicates were performed per dilution.

7/Se] selenomethionine incorporation
75[Se] selonamethionine uptake is a measure of
protein synthesis and thus is an indirect measure
of cell proliferation.

Cells were plated into 96 well plates (Gibco) in
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Biorich at a concentration of 104 well'-. After
the cells had adhered, the histamine and cimeti-
dine concentrations described above were added
to the wells giving a final well volume of 200 tl.

After three to four days incubation the cells
were pulsed with 0-1 RCi 75[Se] selenomethio-
nine (CIS UK, High Wycombe, Bucks, UK) in a
volume of 50 [tl for 18 hours. The cells were then
vigorously washed and radioactivity associated
with individual wells counted on a gamma-
counter (counting efficiency >80%). Five repli-
cates were performed per dilution.

Effects of cimetidine and histamine on the
proliferation of the cells were calculated as a

percentage of the untreated controls.

Measurement ofhistamine (H2) receptors
This was performed by an indirect method in
which the concentrations of intracellular cyclic
adenosine 3',5' monophosphate (cAMP) are

assessed, after incubation of histamine with the
cells. cAMP functions as a second messenger
after binding of histamine to the histamine2
receptor. The assay was performed by the use of
a cAMP radioimmunoassay kit (NEN DuPont,
Stevenage, Hertfordshire, UK). Briefly, cell
monolayers were harvested by gentle scraping,
washed, and suspended in Krebs Ringer phos-
phate buffer; pH 7 5 at 5x106 cells ml-. The
cells were agitated gently for one hour in the
absence/presence histamine. The reaction was

stopped by the addition of 11 N HCLO4 and the
cells were centrifuged at 4000 g, 10 minutes. 9 N
KOH was added to the supernatant to remove
perchlorate ions followed by succinic anhydride
(6- 15 mg/ml). To assess recovery ofcAMP a 3[H]
cAMP marker (DuPont) was added to alternate
tubes (4000 cpm/tube) and percentage recovery
assessed.
cAMP concentrations were acetylated before

measurement to increase the sensitivity of the
assay. cAMP standards were prepared ranging
from 0-1 to 4 pmol ml- 1 and standards and
unknowns were competed with 125[I] succinyl
cAMP tyrosine methyl ester (4 5x104 cpm

tube- 1) for binding to a fixed concentration of
cAMP antiserum in sodium phosphate buffer,
pH 6. All tubes were mixed and incubated
overnight at 4°C. After precipitation by
trichloroacetic acid, the tubes were centrifuged
at 2-8°C for 15 minutes at 1200 g. The super-
natant was discarded and the precipitate counted
on a gammacounter.

EFFECT OF HISTAMINE/CIMETIDINE ON THE IN VIVO
GROWTH OF MKN45G
MKN45G xenografts were initiated in male nude
mice (Harlan-Olac, Bicester, UK) (weight 35 g,
age 8-10 weeks) by a subcutaneous injection of
107 cells (in a 200 p.1 volume of sterile phosphate
buffered saline (PBS)) into the left hand flank.
Once the xenografts were established, they were
aseptically excised, mechanically minced, and
3 mm3 cubed pieces of tissue grafted into the
experimental animals. The animals were then
randomised into different treatment groups.

Histamine was given in doses of 1, 5, and 10
mgkg-lday-' in a 100 ,u1 injection directly into

the site of the grafted tissue. The control group
were injected in an identical manner with 100 1tl
volume ofthe histamine diluent (PBS). The mice
were injected daily from day 0 until the experi-
ment was finished.

Cimetidine was given at a dose of 100 mgkg
day-1 in the drinking water of the animals
studied. This dose produces a murine plasma
concentration of 0-16 to 0 35 ,tg ml-', which
was the most effective dose in a syngeneic
tumour model.'4 The dose in the water was
calculated from the observation that a 35 g mouse
drank 6 ml of water day- l. The cimetidine was
replenished every day and was given from day 0
to the end of the experiment. UKCCCR Guide-
lines were adhered to throughout all animal
experimentation.

Histological analysis oftheMKN45G xenografts
After the finish of the in vivo experiments,
xenografts were surgically removed and fixed in
0a 1% paraformaldehyde. Sections were cut on a
microtome and stained with haematoxylin and
eosin to show the nucleii and cytoplasm of cells
within the xenografts. The xenografts were

examined blind by an independent pathologist
and assessed for percentage of necrosis within
the tumour, shape ofnucleii, and cohesiveness of
cells.

STATISTICAL ANALYSIS
In vitro data were analysed by a one way analysis
of variance. The in vivo data were analysed
by the Mann-Whitney U Wilcoxon analysis of
variance and multiple analysis of variance
(MANOVA) tests by use of the SPSS/PC+ and
the mini-tab statistical packages for the IBM PC.

Results

IN VITRO STUDIES

Effect ofhistamine on the in vitro growth of
established gastrointestinal cell lines
In vitro growth, in the presence of histamine was
measured by both 75[Se] selenomethionine
uptake and direct cell counts. Results are expres-
sed as the percentage of the untreated control.
Five replicates were performed per drug dilution
and the standard deviation of the mean is shown.

TABLE I Effect ofhistamine on the proliferation ofMKN45
as analysed by (A) 75[Se]selenomethionine uptake and (B)
direct cell counts

% Untreated control (SD) histamine concentration (M)
Experiment
No 0 106 lo-1, lo-9

A 75[Se]selonomethionine uptake
1 100(5) 176(8)* 156(10)* 100(4) 131(7)*
2 100(6) 217(5)* 177(15)* 122(11) 120(7)*
3 100(1) 146(12)* 141(4)* 114(2) 145(9)*
4 100 (2) 149 (2)* 135 (5)* 129 (1)* 166 (1)*
B Direct cell counts
1 100(2) 144(14)* 138(9)* 122(4)* 163(10)*
2 100 (6) 148 (7)* 149 (15)* 89 (7) 171 (22)*
3 100(8) 211(7)* 195(15)* 123(4)* 123(5)*
4 100 (2) 131 (5)* 128 (6)* 96 (8) 131 (18)*

*Significant from the untreated control as analysed by a one way
analysis of variance.
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TABLE II Effect ofhistamine on the proliferation of
MKN45G as analysed by (A) 75[Se]selenomethionine
uptake and (B) direct cell counts

% Untreated control (SD) histamine concentration (M)
Experiment
No 0 106 7 18 1-9
A 75[Se]selonomethionine uptake
1 100(2) 264(13)* 264(8)* 121(4)* 103(8)
2 100 (7) 157 (2)* 165 (7)* 119 (9) 93 (3)
3 100(3) 162(13)* 111(15) 87(8) 89(6)
4 100(3) 148(16)* 164(4)* 137(5)* 106(2)
B Direct cell counts
1 100(4) 112(7) 146(15)* 127(1)* %9(6)
2 100 (10) 144 (7)* 146 (2)* 109 (3) 96 (2)
3 100 (8) 139 (6)* 133 (9)* 127 (4)* 107 (9)
4 100 (2) 125 (6)* 139 (7) 105 (11) 92 (7)

*Significant from the untreated control as analysed by a one way
analysis of variance.
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Table I shows the effect of increasing hista-
mine concentrations (10-9 to 10-6 M) on
MKN45 as assessed by (a) 75[Se] selenomethio-
nine uptake (n=four sequential experiments)
and (b) direct cell counts (n=four sequential
experiments). Histamine at concentrations of
10-6, 10-7, and 10-9 M significantly increased
the growth of MKN45 as assessed by both
assays, in all experiments.

Histamine also increased the growth of
MKN45G cells (Table II). A dose response curve
was obtained as assessed by label uptake with
histamine concentrations of 10-8, 10-, and
10 6 M all increasing uptake significantly but
with the maximum response obtained between
10-6 and 10-7M in four sequential experiments
with both (a) 75[Se] selenomethionine uptake and
(b) direct cell counts.

Histamine at concentrations greater than 10-6
M were shown to affect the viability ofthe cells in
the in vitro culture system and so could not be
examined satisfactorily. Histamine had no effect
on the in vitro growth of the colorectal cell lines:
LoVo and C170 as assessed by the two assays
(data not shown).

Histamine receptor state of the gastrointestinal cell
lines as assessed by cAMP accumulation
Histamine receptors, indirectly measured by
cAMP accumulation were found to be present on
MKN45, MKN45G but not C170 or LoVo
(Table III). All cell lines were found to have the

TABLE III Accumulation ofcAMP by the tumour cells in
response to incubation ofwhole cells with histamine

Histamine cAMP %
concentration concentrations Untreated

Cell line (M) (pmolll/ml) (mean) control

MKN45 0 2-30
10-6 2-18* 95
10-7 4-37t 190
10-8 2-46* 107
1o-9 3-41: 148

MKN45G 0 2-26
10-6 3-33§ 147
10-7 3-06t 135
10-8 2-89t 128
1o-9 2-38* 105

C170 0 2-38
10-6 2-38* 100

LoVo 0 2-28
10-6 2-24* 98

Mean is of three replicates. Numbers in superscripts refer to the
value of significance from the untreated control value; *non-
significant, tp<0 02; tp<005, §p<0-001.
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Figure 1: Effect ofcimetidine on the histamine stimulated
growth ofMKN4 as assessed by (A) 75[Se]selomethionine
uptake (mean offour experiments) and (B) direct cell counts
(mean offour experiments). *p<0.O1, **p<0.OO1 when
compared with histamine stimulated growth.

same basal concentration of cAMP. In response
to histamine, MKN45 cells had significantly
raised concentrations ofcAMP in the presence of
10-7 and 10-9 M histamine, which corresponds
with the proliferation data previously shown.
MKN45G cells responded in a dose dependent
way to histamine from 10-6 to 10-9 M, with
10-6 M histamine inducing the highest concen-
tration ofcAMP accumulation.

Effect of cimetidine an the basal in vitro growth of
MKN45 andMKN45G
Cimetidine used at concentrations from 10-5 to
10-10 M had no significant effect on the basal
growth ofMKN45, MKN45G, C170, and LoVo
cells as assessed by both 75[Se] selenomethionine
uptake and direct cell counts (data not shown).

Effect ofcimetidine on the histamine stimulated
growth ofMKN45 andMKN45G
Histamine concentrations of 10-9, 10-7, and
10-6 M significantly increased the growth of
MKN45, and these were significantly reversed
to values of the untreated control by coincu-
bation with 10-5 M cimetidine as shown by
label uptake (Fig 1 (A) mean of four separate
experiments) and direct cell counts (Fig 1 (B)
mean of four separate experiments). Cimetidine
has no significant effect on the basal growth.

Cimetidine at a fixed concentration of 10-5M
significantly reduced growth stimulated by 10-8,
10-7, and 10-6 M histamine of MKN45G as
assessed by 75[Se] selenomethionine uptake (Fig
2 (A), mean of four separate experiments) and
direct cell counts (Fig 2 (B), mean of four

I
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MKN45G xenograft tissue and treated with PBS
the histamine diluent, 01, 1, and 10 mgkg-1
day-1 histamine, locally at the site of the xeno-
graft (Fig 3).

After 21 days growth, xenografts treated with
a histamine concentration of 1 mgkg- 1 had
significantly raised mean cross sectional areas
(2-2 greater than the control, p<0 02, Mann-
Whitney). A two way analysis examining treat-
ment by time was also performed. An analysis of
variance for growth was significant (p<0-001)
showing that at least one treatment group was
significantly different from the control. A
MANOVA was performed, which allows serial
measurements to be analysed, and xenografts
treated with the histamine concentration of
1 mgkg-I were significantly different from the
controls (p=0 008) whereas xenografts treated
with histamine concentrations of 0-1 and 10
mgkg- 1 were not.

Effect ofhistamine with/without cimetidine on the
' g, l X X ,s, ~growth ofMKN45G xenografts

Four groups of five nude mice were grafted with,-- m .MKN45G xenograft tissue and treated with
0 -8 -7 -6 either PBS or histamine at a single concentration
Histamine concentration (log M) of 1 mgkg-lday-1, locally at the tumour site.

ofcimetidine on the histamine stimulated One group treated with PBS and one group with
'45G as assessed by (A) 75[Se] histamine were also dosed with cimetidine orally
uptake (mean offour experiments) and (B) in the drinking water at a dose of 100 mg 'kg1
(mean offour experiments). *p<OO1, day (Fig4)
compared with histamine stimulated da '(i4)

At day 21, histamine had significantly
increased the basal growth of MKN45G to 1 6
more than the control, p<0 02, Mann-

periments). Cimetidine had no Whitney) and this was significantly reversed by
fect on the basal growth. coadministration of cimetidine (p<002, Mann-

Whitney). Cimetidine inhibited the basal growth
of MKN45G to 0-7xthe control (p<005,

IES Mann-Whitney). These differences were also
a responded to histamine in a dose achieved at day 27, the day the study finished.
lanner, it was decided to perform in Analysis of the data by an analysis of variance
with the cells grown as xenografts. for growth showed that the treatment groups

were significantly different from the conitrols
(p<0-001) and that there was a treatment with

imine on the basal growth of time interaction - that is, the rate of growth was
nograft in nude mice not the same for all treatments (p<0001). Visual
of five nude mice were grafted with analysis of the data showed that the growth rates

of the treatment groups were parallel until day
19 and then diverged. Based on these data a
MANOVA was performed on the data from day
19 to day 27.

It was found that xenografts treated with
histamine were significantly greater than the
controls (p=0 034). Cimetidine treated xeno-

grafts were also significant from the controls (p=
0-048) but cimetidine and histamine treated
xenografts were not. Histamine stimulated
growth was significant from growth in the
presence of cimetidine only (p<0-001) and
cimetidine and histamine (p<0-001).

0

Figure 3: Effect oflocally
assessed by an increase in i

I mgkg- day- 'histamin
day 21 and day 24 (p<O-1
analysis (p=0 08).

10 12 _ 14 19. 21 _ 24 _ ~Histological analysis ofhistamine and cimetidine
treated MKN45G xenografts

Time (days) Xenografts from the four experimental groups in

administered histamine on the growth ofMKN45G xenografts as Figure 4 were analysed blind by an independent
cross sectional tumour area. n=5 micelexperimental group.) pathologist. The histamine treated xenografts
? treated xenografts were significant from the PBS treated controls at
02, p<0-05, respectively Mann-Whitney) and by aMANOVA were identical to those from the PBS treated

control with respect to the number of inflamma-
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Group control

MKN45G were derived'° but because of the

* Group PBS control gastrin secretory nature of MKN45G it could
* Group 11 Histamine treated * possibly have been in the antrum. MKN45 cells
J Group III Cimetidine treated responded optimally to two different histamine
Group IV Histamine.cimetidine treated

concentrations. The reason for this is not known
* Group Hitmn/ibut the proliferative effects seen at both hista-

t Tnumine concentrations were effectively reversed by
T t̂t the histamine2 receptor antagonist, cimetidine,

| 91*- . indicating the presence of histamine2 receptors
with differing affinities on MKN45 cells. Evid-

StT T S a a w ence for the presence of histamine2 receptors
T 1 T T 11TT IFEr | on MKN45 has also been shown by Arima et al. 6

It is interesting to note that the human gastric
tumour cell line HGT-1, which was derived from
a primary tumour originating in a non-antral
part of the stomach,'17 had a histamine2 receptor

7 10 12 14 17 19 21 24 27 which responded, maximally to much higher
Time (days) histamine concentrations of 10 3 to 10 4 M.

rect of locally administered histamine (I mgkg- 'day') and orally dosed Cells from the duodenum did not possess the
O0 mgkglday- 1)on the growth ofMKN45G xenografts. Group IPBS control, histamine2 receptor" and in this study it was
up; Group II Histamine treated n=5 micelgroup; Group III Cimetidine treated, shown that two colorectal tumour cell lines did
up; Group IVHistamine/cimetidine treated, n= 4 mice/group; as assessed by an not seem to possess histamine2 receptor indicat-
oss sectional tumour area. *p<00S, fp<002, fp<0 01, when compared ing lci treated controls. Histamine treated xenografts were significantly different from ation of histamie2 receptor may be con-
control and the cimetidine only and cimetidine plus histamine treated xenografts as fined to the gastric area.
fann-Whitney andMANOVA (p=0-034, p<0-001, p<0-001 respectively for Cimetidine had no direct anti-tumour effects
Cnimetidine only was also significant from the control as shown by Mann-Whitney on the basal growth of the two gastric and two

colorectal tumour cell lines examined in this
study, which is in accord with the findings of
Scotcher et al."8 Cimetine reversed the histamine

tory cells, showing that the increase in tumour stimulated proliferation ofthe first two cell lines,
size was not a result of an inflammatory response however, at a concentration of 10-5 M, which
to the injected histamine. All xenografts were corresponded to the cimetidine concentration
composed mainly of tumour cells (as deduced that induced complete inhibition of histamine on
from nucleii) and very little tumour stroma. cAMP accumulation in guinea pig fundus and
Necrotic areas were present in all tumours in the antrum"
centre of the xenograft due to the lack of tumour When given locally, in vitro, histamine
vascularisation. increased the proliferation of grafted MKN45G
The cimetidine treated xenografts were tumour tissue in nude mice. Histological analysis

identical in all respects to the xenografts from the showed that the size increase was not due to a
other groups apart from having less necrotic local inflammatory response. Also both control
areas, possibly because they had not outgrown and histamine treated tumours had a similar
their blood supply to the same extent as the other proportion of malignant cells, stroma, and
tumours. vascularisation, suggesting direct proliferative

effects on the xenograft may have been respons-
ible for the increased size. Cimetidine was shown

Discussion to reverse this histamine stimulated growth, in
In this study it has been shown by two indepen- vivo. Unlike the in vitro findings, however,
dent methods that histamine increases the in cimetidine reduced the basal growth of
vitro proliferation of the two gastric tumour MKN45G xenografts.
cell lines; MKN45 and MKN45G but not the Previous studies examining the in vivo effects
two colorectal lines; C170 and LoVo. The effects of cimetidine have been performed on syngeneic
seem to be mediated by the histamine2 receptor tumour models with immunocompetent
as shown by cAMP accumulation in response to animals. Cimetidine slowed the metastatic
histamine, in the first two cell lines. The development and increased the survival in mice
optimum histamine concentration for increas- with the Lewis lung carcinoma, 3LL despite the
ing both proliferation and cAMP accumulation is tumour having no histamine2 receptor.3 While
about 10-6M for MKN45G. For MKN45 there having no direct anti-tumour effect on the cells in
seems to be two concentration optima; 10-6 and vitro, it was found that cimetidine inhibited
10-9 M. suppressor T cells allowing the initial anti-
Histamine has previously been shown to be 10 tumour response affecting cytotoxic T cells to

times less potent in stimulating cAMP concen- persist and be effective. In a second study by
trations in gastric glands isolated from guinea pig Gifford et al,'4 cimetidine had a protective effect
antrum when compared with glands isolated in mice implanted with two different syngeneic
from the fundus (9 x 10-5M compared with 10 tumours; lymphoid ascitic cells and a fibro-
M)."I The histamine concentrations effective in sarcoma despite the cells being unaffected by the
stimulating antral gastric glands are close to agent in vitro. Again, inhibition of suppressor
those inducing optimal effects in the MKN45G cell activity was postulated to be responsible.
cell line, which is gastrin producing. It is not In this study, nude mice were used that do not
stated by the originator as to the exact site of the possess mature T lymphocytes but do have
primary tumour from which MKN45 and natural killer cell activity. ' As cimetidine has
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been shown to enhance natural killer cell
cytoxicity7-9 it is postulated that this may be a
mechanism partly responsible for the inhibition
of basal xenograft growth achieved in this study.
To find out if inhibition of the proliferative
effects of histamine also occurred by cimetidine
blockade of histamine2 receptor, the experiment
will need to be repeated with animals that are
further immune depleted such as severe com-
bined immune deficiency mice or with nude mice
treated with anti-asialo GM1 antiserum, which is
known to eliminate natural killer activity in nude
mice.20 A combination ofcimetidine or ranitidine
and histamine has been reported to increase
survival in tumour bearing mice when compared
with histamine2 receptor antagonist and hista-
mine only controls.2122 In a clinical study by the
same authors,23 a histamine2 receptor antagonist
histamine combination resulted in enhanced
survival over untreated controls. The authors
postulated that while histamine2 receptor
blockade decreased T cell suppression, stimula-
tion of histamine, receptor by histamine
increased vascular permeability and enhanced
intratumoral penetration ofhumoral and cellular
elements of the immune response.

In this study, when only histamine was given
to nude mice, increased vascular permeability
mediated by interaction with histamine, receptor
may have led to an enhancement of xenograft
growth due to increased diffusion of nutrents
etc, in addition to direct proliferative effects by a
histamine2 receptor. When cimetidine was given
together with histamine, blockade of histamine2
receptor may have reversed histamine stimulated
growth. If natural killer cell activity is increased,
the growth promoting effects of enhanced
vascular permeability may be counterbalanced
by greater access of the natural killer cells to the
tumour. This may be why in our study, hista-
mine and cimetidine together had similar inhibi-
tory effects in vivo as cimetidine alone.
Tumours arising within the stomach may be in

direct contact with local agents, capable of
increasing their proliferation. This should be
taken into account in the development of poten-
tial anti-tumour and anti-ulcer treatments.
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and Dr L Rushton for performing the statistical analyses.
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